Fatty acid synthase (FASN) is an enzyme that catalyses de novo synthesis of fatty acids in cells. The bovine FASN gene maps to BTA 19, where several QTLs for fat-related traits have been described. Our group recently reported the identification of a single nucleotide polymorphism (SNP), g.763G>C, in the bovine FASN 5' flanking region that was significantly associated with milk-fat content in dairy cattle. The g.763G>C SNP was part of a GC-rich region that may constitute a cis element for members of the Sp transcription factor family. Thus, the SNP could alter the transcription factor binding ability of the FASN promoter and consequently affect the promoter activity of the gene. However, the functional consequences of the SNP on FASN gene expression are unknown. The present study was therefore directed at elucidating the underlying molecular mechanism that could explain the association of the SNP with milk-fat content. Three cellular lines (3T3L1, HepG2 and MCF-7) were used to test the promoter and the transcription factor binding activities by luciferase reporter assays and electrophoretic mobility shift assays, respectively. Band shift assays were also carried out using nuclear extracts from lactating mammary gland (LMG) to further investigate the role of the SNP in this tissue. Our results demonstrate that the SNP alters the bovine FASN promoter activity in vitro and the Sp1/Sp3 binding ability of the sequence. In bovine LMG, the specific binding of Sp3 may account for the association with milk fat content.
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INTRODUCTION

Fatty acid synthase (FASN) is a multifunctional protein that catalyses de novo
synthesis of fatty acids in cells. This is a key function in the lipid as well as the general metabolism of all living animals. Consequently, FASN has been studied as a functional candidate gene in different processes or traits in species. For example, FASN has been associated with obesity and type 2 diabetes (2) and with percentage of body fat and substrate oxidation (14) in humans. FASN inhibitors, originally developed to treat cancer, have been shown to produce dramatic weight loss and reduction in food intake in mice (15) . Also, some single nucleotide polymorphisms (SNPs) in the FASN gene were shown to be partially responsible for fatness in turkeys (28) .
In previous works, our group reported the structural and functional characterization of the bovine FASN gene, as well as its genomic localization on BTA 19 (23, 26) . The bovine gene maps to a region where several QTLs affecting milk fat content and related traits have been described (3, 8, 30) . More recently, we described the identification of a polymorphism in the first non-coding exon (g.763G>C) that was significantly associated with milk fat content in dairy cattle (24) . Additionally, two independent studies in cattle have detected FASN SNPs that are associated with variations in fat-related traits: the first one published in 2007 describes the an association with the fatty acid composition of adipose fat and milk fat (16) , while the other published in 2008 associates FASN SNPs with beef fatty acid composition (34) .
Apart from their value as genetic markers, some SNPs could have functional consequences. This is mostly true for those SNPs located in regulatory regions wherein their presence could alter gene expression (21) . Several recent surveys of SNPs have estimated that between 22 % and 35 % of SNPs located in regulatory regions (rSNPs) have functional consequences (4, 12, 21) . The accumulation of several of these rSNPs could constitute the basis for the different gene expression profiles that define traits in a specie or breed specific Page 3 of 19 Page 4 of 19 manner. For example, functional candidate genes for traits related to obesity and leanness have been revealed (FASN being one of them) by the comparison of mRNA expression profiles of two pig breeds differing in body composition, partitioning and utilization of nutrients and energy (22) . This could be also true for a trait such as milk fat.
The g.763G>C SNP is located within a GC-rich region that could constitute a binding element for some transcription factors (TFs) belonging to the Sp family. Two members of this family, Sp1 and Sp3, have been involved in the transcriptional regulation of the rat FASN gene (9, 10, 27, 29, 32) . In addition, several GC boxes in the rat promoter were found to bind Sp1 and Sp3 in vitro (32) . Therefore, the fact that one of the variants of the g.763G>C SNP could alter the TF-binding ability of the sequence and consequently affect promoter activity was an interesting possibility. For this reason, the present study was directed at elucidating the underlying molecular mechanism that could explain the association of the SNP with milk-fat content (24) focusing on the analysis of the transcription factor binding to the sequence surrounding the g.763G>C SNP. 
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MATERIALS AND METHODS
Sequence Analysis
Sequence alignment of bovine, human and rat FASN promoters (GenBank accession number AF285607, NT_010663 and X54671, respectively) was carried out using the ClustalW software (http://www.ebi.ac.uk/clustalw/) included within the BioEdit program (11) . The cis element prediction was done using the Patch software (http://www.generegulation.com/cgi-bin/pub/programs/patch/bin/patch.cgi).
Reporter plasmids
A 840 bp fragment of the bovine FASN 5' flanking region (-570/+270) containing the promoter, the first untranslated exon and a fragment of intron 1 was PCR amplified using forward (5'-GGTACCTAGCAACGCCCACTCGAG-3') and reverse (5'-AAGCTTGGCAGGCTGTGTGAGATGAG-3') primers modified to contain KpnI and HindIII restriction sites, respectively. One product for each allele was cloned into the PCR vector pMOSBlue (Amersham). After excision with the previous enzymes, the fragments were cloned into the pGL3 basic luciferase reporter vector (Promega). The pGL3 basic constructs were then bidirectionally sequenced to ensure that only the g763G>C SNP was present. A clone for each allele was chosen, and three independent DNA extractions were carried out to for use in the luciferase reporter assays.
Gene Reporter Assays
Luciferase reporter assays were carried out essentially as previously described (19) .
Briefly, the day prior to transfection, cells were seeded in T6 plates at a density of 125,000 cells per well. The following day, transfections were carried out with 1 µg of each reporter construct using the FuGene transfection system (Roche) according to manufacturer's instructions. Eight nanograms per well of the pRL-SV40 renilla reporter plasmid were cotransfected in each experiment to control for transfection efficiency. The DNA-cell mixtures were then incubated for 48 hours prior to luciferase activity quantification using the Dual Luciferase Report Assay System (Promega). Duplicate wells for each transfection condition were assayed, and three independent transfections were carried out. The normalized luciferase data (firefly/renilla) were used in the statistical analysis and are expressed relative to the C allele construct. Comparisons of the luciferase activities between the constructs were done by t-test (P<0.05).
Nuclear protein extraction
Nuclear extracts from cells were obtained by vortexing HepG2 and MCF-7 cells ( 10 7 ) in 200 µl of cell membrane lysis buffer (10 mM Hepes pH 7. Mammary gland from a lactating cow was collected at the moment of slaughter and immediately frozen in liquid nitrogen. Nuclear extracts were obtained using the Dignam et al.
protocol (6) with some modifications. All steps were done at 4 º C. Tissue was ground with liquid nitrogen, resuspended in 3 volumes of buffer A (10 mM HEPES pH 7.9, 10% glycerol, 1.5 mM MgCl 2 , 10 mM KCl, 250 mM sucrose, 10 mM -mercaptoethanol, 1 mM PMSF, 0.32 µg/ml of pepstatin A, 10 µg/ml leupeptin, and 2 µg/ml aprotinin) and homogenized with a Dounce (Type B pestle) homogenizer. The homogenate was filtered through a four layer cheesecloth to remove particulate material and connective tissue. Nuclei were collected by centrifugation at 5000 rpm in a Sorvall SS-34 rotor. The nuclear pellet was resuspended in 6 volumes of buffer A and then pelleted at 14500 rpm in the same rotor. The pellet was 
Electrophoretic mobility shift (EMSA) and supershift assays
Complementary oligonucleotides from +48 to +75 were synthesized for each allele (-763C  GCCGTTCGCACAGCCCCCCGCGCCCAGA  and  -763G GCCGTTCGCACAGCCGCCCGCGCCCAGA), annealed and labeled by extension with the Klenow polymerase using 32 P-dCTP. The DNA-protein complexes were electrophoresed on a 4 % polyacrylamide gel in 0.25X TBE buffer. Gels were dried and exposed to X-Ray film for two days at -80 ºC.
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RESULTS AND DISCUSSION
The importance of small differences in gene expression in the determination of individual phenotypes has been recently acknowledged. The SNPs located in regulatory regions could contribute to these differences. The g.763G>C SNP is localized in the first untranslated exon of the bovine FASN gene and may therefore affect its expression. The sequence alignment of the 5' flanking region of the bovine FASN gene showed that the sequence 170 bps upstream from the transcription initiation site (TIS) was 90 % identical to both human and murine genes (25) , but the untranslated exon 1 had a much lower degree of similarity ( Fig. 1) . However, the GC-rich region encompassing the g.763G>C SNP (+60 to +72 from the bovine TIS) was more conserved, presenting 100 % and 69 % identity with the First, the fragment -570/+270 spanning the SNP was cloned into the pGL3 basic vector. The regulatory elements important for the basal FASN promoter activity were identified within the -248/-19 region in rat (17) . Thus, the bovine FASN constructs would contain the most important regulatory elements of the promoter. The constructs were assayed in three different cellular lines, namely 3T3L1, HepG2 and MCF-7. All of them are known to express endogenous FASN (13, 18, 33) and so they were considered to possess the physiological requirements for bovine FASN reporter gene expression. The results showed a consistent and significant difference between both alleles, the G allele being 40 % stronger than the C allele (Fig. 2) . These results indicate that both alleles are functionally different.
The C allele is associated with a higher milk fat content in Holstein-Friesian (24) . Therefore,
given that the abundance of FASN mRNA in a tissue determines the tissue content of FASN
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Page 9 of 19 protein (5), higher promoter strength should be expected for the C construct. However, the results observed were exactly the contrary: the construct having the C allele, which is associated with higher milk fat content, presented lower promoter activity than the G allele in all the cellular lines assayed.
In order to elucidate the molecular mechanisms underlying these results, we proceeded to further investigate the sequence spanning the SNP by analyzing its TF binding activity by band shift assay (Fig. 3) . The experiments were carried out in the presence of labeled -763C and -763G probes and nuclear extracts from 3T3L1, HepG2 and MCF-7 cells.
Two main and specific complexes (A and B) were detected in all the extracts with both probes. However, the -763G complexes were almost undetectable. Therefore, the G>C transversion increased the binding capacity of the nuclear proteins implying a sequencespecific interaction with functionally relevant nucleotides. With the exception of MCF-7, the intensity of the B complex was very low in comparison with the A complex. Given that the A complex presented higher binding affinity, the TF involved with the complex would have a stronger influence over the control of the promoter activity.
Since Sp elements were predicted within the region surrounding the SNP, supershift assays were also carried out using antibodies against the Sp factors previously reported to regulate FASN expression, Sp1 and Sp3 (10, 32) (Fig. 3) . In all the cell extracts, the dominant TF binding the -763C probe was Sp1. The A complex was mostly supershifted in 3T3L1 and HepG2 extracts by anti-Sp1, while both A and B complexes were completely supershifted in MCF-7 extracts. On the other hand, in both 3T3L1 and HepG2 cells, the A and B complexes were poorly and totally supershifted by anti-Sp3, respectively. The total binding capacity for the G allele was lower, but the same trends occurred in both alleles in that Sp1 was more specifically bound to form the A complex, while Sp3 was more specifically bound to form the B complex. However, in both 3T3L1 and HepG2 cells, the intensity of the B complex was very low, suggesting a major role for the A complex as
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Page 10 of 19 previously discussed above. Indeed, the fact that MCF-7 cells only bound Sp1 reinforced the major role of this TF given that, although both 3T3L1 and HepG2 cells also bound Sp3, the promoter activity of all the cellular lines assayed was identical (Fig. 2) . Thus, the C allele predominantly bound Sp1 while the G allele hardly did, but the promoter activity of the former was significantly lower. Therefore, Sp1 binding to the C allele element must repress the FASN promoter in all the cellular lines assayed. Interestingly, Sp1 was previously reported to repress in vitro the FASN promoter in rat hepatocytes while Sp3 activated it (10).
As a result, the rate of bound Sp1/Sp3 could modulate the bovine FASN promoter activity.
In ruminants about one-half of the milk fatty acids (molar percent) are derived from bound to the +60/+72 GC box, mainly in the presence of the C allele. Therefore, the g.763G>C SNP could contribute to changes in FASN gene expression, which may explain the association of the SNP with milk fat content in dairy cattle (24) .
